126                                     ENERGY
mass-system, containing much space as well as material particles. It was Professor Rowland, we believe, who said, many years ago, that "a grand piano, in comparison with a molecule, is simplicity itself." As to what may be the proportions between space and matter in the molecule, nothing may be said with confidence. Pursuing, however, the plan hitherto followed, of deducing all our molecular ideas from celestial mechanics, the molecule should follow the proportions of our solar system.
But in speaking of densities, in connection with solar systems and molecules, it is too commonly assumed that the densities of individual planets, such as our earth, constitute our sole and proper guide to the densities of molecular matter. But if mole-cules are to be likened to solar systems, a collection of molecules, such as ordinary matter, must be likened to a collection of solar systems. The density of the particles composing the molecule must bear the same proportion to the density of the entire molecule, or to a collection of molecules, as the density of planetary mass bears to the mean density of a solar system or a galaxy.
What, then, is the mean density of our solar system ? Assuming that the orbit of the most distant planet, Neptune, constitutes the outer limit of the solar system—although many comets controlled by our sun far exceed these limits—and remembering that a molecule is a system occupying space of three dimensions, whereas the orbits of the planets occupy virtually only space of two dimensions—the mean density of the space occupied by the solar system is easily computed as being less than that of our solid earth by about the ratio io12. This means that the mean density of such a system, when perceived from far enough without so that it appears as a unit, is about that of one three-hundred-millionth of an atmosphere, or far rarer than the matter within an electric-light bulb, or even a Crookes tube. If these same proportions are to apply to a molecule of carbon dioxid, for instance, then the mean density of the smallest particles which engage in heat-motion, and which will retain the characteristics of carbon and oxygen, respectively, must be some million millions of times greater than that of our solid earth.
There is no intention here to place any weight upon the exact arithmetical aspect of these proportions. All that is intended is that, if our ideas of heat-energy are to be explained in terms of mechanics, and if our mechanics are to be drawn from the only